Abstract. Insulin-like growth factor-1 (IGF-1) and its essential binding protein-3 (IGFBP-3) exhibit significant roles in cellular proliferation, differentiation and apoptosis in numerous malignancies, including lung cancer. The aim of the present study was to determine the clinical roles of the serum IGF-1 and IGFBP-3 levels in lung cancer patients. A total of 80 patients with lung cancer were enrolled in the study. Serum IGF-1 and IGFBP-3 concentrations were determined by ELISA methods. The median age of patients was 58.5 years old, with a range of 36-80 years. The majority of the patients had non-small cell lung cancer (NSCLC) (85%) and metastatic disease (56%). No significant differences were observed in serum IGF-1 levels between lung cancer patients and healthy subjects (P=0.403). However, baseline serum IGFBP-3 levels of the lung cancer patients were significantly lower compared to the control group (P<0.001). The male patients had elevated serum IGF-1 concentrations compared to females (P=0.025). Furthermore, patients with NSCLC histology and metastatic stage in NSCLC had elevated serum IGF-1 (P=0.022 and P=0.039, respectively) and IGFBP-3 (P=0.005 and P=0.043, respectively) levels compared with those with SCLC histology and non-metastatic stage in NSCLC. However, none of the other clinical variables, including age of patient, tumor histology and chemotherapy responsiveness, were observed as correlated with serum assays of IGF-1 and IGFBP-3 (P>0.05). There was a significant association found between IGF-1 and IGFBP-3 serum levels in lung cancer patients (P<0.001). Neither serum IGF-1 nor IGFBP-3 concentrations were associated with outcome (P=0.552 and P=0.471, respectively). In conclusion, serum concentrations of IGFBP-3 may have a diagnostic predictor in patients with lung cancer compared to serum IGF-1 concentrations. However, predictive and prognostic values of the two serum assays were not observed.
Introduction
Lung carcinoma is a tumor characterized by extremely invasion and metastatic behavior, properties that require interaction of the lung cancer cells with the growth factors. Insulin-like growth factors (IGFs) are one of the prominent families of growth factors observed to be closely involved in the adjustment of cell growth and transformation. IGF-1, a multifunctional protein peptide, has a significant role in cellular growth, proliferation, differentiation and transformation in numerous malignancies, including lung cancer (1) (2) (3) (4) (5) (6) (7) (8) (9) . In vitro studies show that IGF-1 increments lung cell growth and invasive potential, proposing a role for the IGF-1 pathway in the etiology of lung cancer (1) (2) (3) (4) (5) (6) (7) (8) (9) . Although numerous studies have observed that IGF-1 has an important role in lung cancer, the clinical survival associated with circulating IGF-1 levels is not clear. The effect of serum IGF-1 on disease relapse and survival in lung cancer patients are investigated as unsatisfactory (1) (2) (3) (4) (5) (6) (7) (8) (9) . Thus, the clinical significance of serum IGF-1 concentrations in lung cancer patients remains to be elucidated.
The IGF binding protein (IGFBP) family consists of six structurally related proteins; all members are expressed in the normal lung tissue (1) (2) (3) (4) (5) (6) (7) (8) (9) . Their role is to bind and regulate their effects. IGFBP-3 is the prominent binding protein of IGF-1 and it regulates the mitogenic and antiapoptotic actions of the IGFs. In the majority of studies, IGFBP-3 has been observed to correlate with circulating IGF-1 concentrations. Furthermore, in particularly IGFBP-3 has direct IGF-independent effects on apoptosis and cellular growth. The studies show that IGFBP-3 is correlated with the lung cancer prognosis (1) (2) (3) (4) (5) (6) (7) (8) (9) . IGFBP-3 may use an inhibitory influence on the growth of lung cancer. Serum concentrations of IGFBP-3 are significantly diminished in lung cancer. Additionally, IGFBP-3 overexpression by lung cancer cells with aggressive biological characteristics has been a paradox.
The importance of the serological IGF-1 and IGFBP-3 concentrations in lung cancer patients remains to be elucidated. Due to conflicting results reported in recent epidemiological and clinical studies investigating the IGF axis and lung cancer, the present study was conducted to investigate whether circulating IGF-1 and IGFBP-3 concentrations have diagnostic, predictive and prognostic values in lung cancer patients.
Materials and methods
Patients. A total number of 80 patients with histologically or cytologically confirmed non-small cell lung cancer (NSCLC) and SCLC treated and followed-up in the Institute of Oncology (Istanbul University, Istanbul, Turkey) were enrolled in the study. The patients had bidimensionally measurable disease without a history of chemo/radiotherapy in the last 6 months. The metastatic diseases were staged with various imaging modalities, such as computed tomography (CT), magnetic resonance imaging and positron emission tomography/CT scan. The pathological diagnosis of lung cancer was established according to the revised World Health Organization classification of lung tumors and staged relying on the revised tumor-node-metastasis staging for lung cancer (10, 11) .
The clinical history, physical examination, series of biochemistry tests and complete blood cell counts were used as the pretreatment evaluation. Those with Eastern Cooperative Oncology Group performance status ≤2 and appropriate blood chemistry tests received a platinum-based chemotherapy with/without radiotherapy depending on the stage of disease. The response to chemotherapy was evaluated radiologically after 2-3 cycles of chemotherapy, according to the revised Response Evaluation Criteria in Solid Tumors criteria (12) . The non-responders to chemotherapy and patients with recurrent diseases were treated with second-line chemotherapy, provided when they had a good performance status. Chemotherapy was discontinued when disease progression or unacceptable toxicity occurred.
A total of 30 age-and gender-matched healthy subjects were included in the study. The study was approved by the Ethics Committee of Istanbul University. Written informed consent was obtained from all the patients.
Measurement of serum IGF-1 and IGFBP-3 levels. Serum samples were drawn from patients and healthy controls by venipuncture and clotted at room temperature on first admission prior to the treatment. The sera were collected following centrifugation and frozen immediately at -20˚C until analysis.
Serum IGF-1 and IGFBP-3 levels were determined by the Immulite 2000 systems (all from Siemens Healthcare Diagnostics Products Ltd., Sudbury, UK). The Immulite 2000 method is an automated solid-phase, enzyme-labeled chemiluminescent immunometric assay method. Sample pretreatment was accomplished in an onboard dilution step.
Statistical analysis.
Median values were used to classify variables and the Mann-Whitney U test was used to compare clinical and laboratory parameters. Survival was calculated from the first admission date to the date of mortality from any cause, or to the last contact with the patient or any family member. Kaplan-Meier test was used to estimate the survival and the differences in survival were evaluated by the log-rank statistics. P≤0.05 was considered to indicate a statistically significant difference. Statistical analysis was carried out using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).
Results

Patient characteristics.
A total of 80 pathologically confirmed lung cancer patients were enrolled in the study. Baseline histopathological and demographic data of patients are listed in Table I . The median age of patients was 58.5 years old, with a range of 36-80 years, where males constituted the majority of the group (n=72, 90%). The predominance of the patients had NSCLC (n=68, 85%) and metastatic disease (n=45, 56%). Table II . Serum values of IGF-1 and IGFBP-3 in lung cancer patients and healthy subjects.
Median serum levels (range) Serum concentrations. No significant difference was determined in the serum IGF-1 concentration between lung cancer patients and healthy individuals (median values, 145.5 vs. 160.5 ng/ml; P=0.403) (Table II and Fig. 1A ). However, baseline serum IGFBP-3 concentrations of the lung cancer patients were significantly lower compared to the control group (median values, 3.175 vs. 4.235 µg/ml; P<0.001) (Table II and Fig. 1B) . Table III demonstrates the correlations between the serum levels of IGF-1 and IGFBP-3 and known clinicopathological factors. The male patients had elevated serum IGF-1 concentrations compared to female patients (P=0.025). Furthermore, patients with NSCLC histology and metastatic stage in NSCLC had elevated serum IGF-1 (P=0.022 and P=0.005, respectively) and IGFBP-3 (P=0.039 and P=0.043, respectively) levels compared with those with SCLC histology and non-metastatic stage in NSCLC. However, no other clinical features, including age of patient, tumor histology and chemotherapy responsiveness, were correlated with serum assays of IGF-1 and IGFBP-3 (P>0.05).
There was a significant association between the serum concentrations of IGF-1 and IGFBP-3 in patients with lung cancer (rs=0.804, n=80, P<0.001, Spearman's correlation) (Fig. 2) .
Follow-up. The median follow-up time was 58 weeks, with a range of 3.7-149.3 weeks. The median survival was 94.4 weeks (95% confidence interval, 73.1-115.7). The 1-and 2-year overall survival rates were 68.5 and 40.6%, respectively. As expected, histology (P=0.004), metastasis (P=0.005) and response to chemotherapy (P=0.009) had prognostic factors on survival (Table IV) . However, serum IGF-1 and IGFBP-3 concentrations were not associated with outcome (P=0.552 and P=0.471, respectively) (Table IV and Fig. 3A and B) .
Discussion
There is a hypothesis that circulating concentrations of IGF-1 and IGFBP-3 may be significant in determining lung cancer risk. In a case-control study consisting of 208 lung cancer patients, an elevated plasma level of IGF-1 and decreased plasma IGFBP-3 concentration was associated with an increased risk of lung cancer (1) . However, in other case-control studies, no correlation was found between serum IGF-1 concentration and lung cancer risk; only high serum concentrations of IGFBP-3 were associated with a reduced lung cancer risk (2-4). 
A B
In literature, only a limited number of trials have studied serum IGF-1 and IGFBP-3 levels in human lung cancer (5-9). Firstly, Lee et al (5) measured the serum levels of IGF-1 and IGFBP-3 in 41 lung cancer patients (5). The serum IGF-1 levels in the lung cancer patients was significantly lower compared to the controls (P<0.01) and NSCLC patients showed significantly reduced serum concentrations of IGF-1 compared with SCLC patients (P<0.01). Similarly, they found that squamous cell carcinoma patients tended to exhibit reduced IGF-1 serum concentrations compared to those with adenocarcinoma histology. Similar to IGF-1, the concentration of IGFBP-3 was significantly lower in lung cancer patients compared with healthy subjects (P<0.05). However, no significant difference was identified between NSCLC and SCLC groups. These results 
indicated that serum concentrations of IGF-1 and IGFBP-3 may be useful tumor markers for diagnosing and identifying tumor types of lung cancer. In another study, Unsal et al (6) found that serum IGF-1 and IGFBP-3 concentrations were reduced in 24 lung carcinoma patients compared with normal subjects, but no significant difference was identified between the groups (P=0.07 and P=0.06, respectively). However, the serum IGF-1/IGFBP-3 ratio was significantly reduced in the distant and nodal metastatic patients, and stage of tumor was inversely correlated with this ratio (P=0.04). Additionally, in a novel study, the expression and clinical significance of IGF-1 and IGFBP-3 were investigated in the serum and cancer tissues from 57 patients with NSCLC (7). Expression levels of IGF-1 in lung cancer tissues and serum from lung cancer patients were significantly increased compared to the control group (P<0.05 and P=0.034, respectively). Conversely, expression levels of IGFBP-3 in cancer tissues and serum in patients were significantly lower compared to the healthy subjects (P<0.05 and P=0.042, respectively). No significant differences were observed for serum IGF-1 and IGFBP-3 levels and the location of tumor, tumor size or pathological grade, but they were significantly associated with lymph node involvement levels, local invasion, distant metastasis and disease stage. The serum levels of IGF-1 and IGFBP-3 in NSCLC patients had a significant inverse correlation (P=0.023). However, no significant correlation was observed between the expression intensity of IGF-1 and IGFBP-3 (P=0.062). Serum IGF-1 levels were significantly different with a positive association at different levels of IGF-1 expression intensity. However, serum IGFBP-3 levels showed no significant differences with a small positive correlation. These findings suggest that IGF-1 upregulation and downregulation of IGFBP-3 may be potential diagnostic biomarkers for NSLCL patients. Although several studies have assessed the association of circulation concentrations of IGF system with lung carcinoma risk over the last years, little is known regarding the prognostic role of the IGF system in patients with lung cancer. Han et al (8) investigated whether pretreatment IGF-1 and IGFBP-3 levels would predict the prognosis in patients with 77 advanced NSCLC enrolled in a phase II trial of cisplatin plus irinotecan chemotherapy. Serum levels of IGFBP-3 were significantly elevated in female patients (P=0.017), non-squamous cell cancer (P=0.013) and no smokers (P=0.003). However, no statistically significant differences were observed for serum IGF-1 concentrations according to gender, performance status, tumor stage, pathology and smoking behavior. In a univariate analysis, elevated concentrations of IGF-1 and IGFBP-3 were predictive markers of favorable progression-free (P=0.001 and P=0.007, respectively) and overall survival (P=0.025 and P=0.001, respectively). Furthermore, multivariate analysis also revealed that serum IGF-1 and IGFBP-3 were independent prognostic factors for progression-free (P<0.0001 and P=0.001, respectively) and overall survival (P=0.004 and P=0.043, respectively). Increased plasma IGF-1 and IGFBP-3 levels were concluded to be associated with a favorable prognosis in advanced NSCLC patients. In another study, 68 advanced non-squamous NSCLC patients treated with gefitinib were investigated for the prediction to chemotherapy responsiveness and prognostic impacts (9) . IGF-1-positive serum predicts a negative response to gefitinib therapy (P=0.0003). Similarly, IGF-1 positive was also independent of a poor prognostic factor (P=0.04). Contrary to IGF-1, the serum level of IGFBP-3 did not have a prognostic factor nor serve as a surrogate predictive marker for the effect of therapy.
In the present study, the serum concentrations of IGF-1 and IGFBP-3 were investigated in 80 patients with different histology and tumor stages of lung cancer who were enrolled in the study. No significant differences were identified in serum IGF-1 concentrations between lung cancer patients and healthy controls (P=0.403). However, baseline serum IGFBP-3 levels of the lung cancer patients were significantly lower compared to the control group (P<0.001). The male patients had elevated serum IGF-1 concentrations compared to females (P=0.025). Furthermore, patients with NSCLC histology and metastatic stage in NSCLC had elevated serum IGF-1 (P=0.022 and P=0.005, respectively) and IGFBP-3 (P=0.039 and P=0.043, respectively) levels compared with those with SCLC histology and non-metastatic stage in NSCLC. However, no other clinical parameters, such as age of patient, tumor histology and chemotherapy responsiveness, were correlated with serum assays of IGF-1 and IGFBP-3 (P>0.05). There was a significant association between IGF-1 and IGFBP-3 serum levels in patients with lung cancer (P<0.001). Neither serum IGF-1 nor IGFBP-3 concentrations were associated with outcome (P=0.552 and P=0.471, respectively).
In conclusion, although little is known, findings suggest that the IGF family may have a significant role in the etiology and progression of lung carcinoma in the last years. However, there are numerous controversial findings regarding the patterns of expression of these gene products in the literature; thus, the definitive functional compatibility of these alterations remains to be elucidated. Parallel arguments were true for patterns of quantifying of the circulating serum IGF levels. In the present study, serum concentrations of IGFBP-3 may be a diagnostic marker in lung cancer patients compared to serum IGF-1 concentrations. However, predictive and prognostic values of the two serum assays were not identified. Although the small sample size and the short follow-up time are limitations and may have influenced the results, this study still contributes a significant deal to the literature in that it was carried out with the serum instead of tissue, and it contained all the stages of the disease. Larger-scale studies in larger patient populations are required to determine the exact role of serum IGF-1 and IGFBP-3 levels in lung cancer.
